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(54) Waveguide assembly and applications thereof

(57) A device includes a first section, a second sec-
tion, a hinge section, an antenna, a radiowave transceiv-
er section, and a waveguide assembly. The hinge section
couples the first section to the second section and allows
the first section to be pivoted with respect to the second
section. The antenna is located within the first section

and the radio wave transceiver section is located in the
second section. The waveguide assembly provides cou-
pling through at least a portion of the first section, at least
a portion of the second section, and the hinge section
such that the antenna is electrically coupled to the radio
wave transceiver section.
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Description

CROSS REFERENCE TO RELATED PATENTS

[0001] This patent application is claiming priority under
35 USC § 119(e) to:

1. a provisionally filed patent application entitled AN-
TENNA ROUTING SYSTEM FOR A HINGED DE-
VICE, having a provisional filing date of 02/05/2010,
and a provisional serial number of 61/301,966
(BP21690); and
2. a provisionally filed patent application entitled 60
GHz FLEXIBLE WAVEGUIDE, having a provisional
filing date of 04/05/2010, and a provisional serial
number of 61 /321,007 (BP21805).

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH OR DEVELOPMENT - NOT AP-
PLICABLE

INCORPORATION-BY-REFERENCE OF MATERIAL 
SUBMITTED ON A COMPACT DISC - NOT APPLICA-
BLE

BACKGROUND OF THE INVENTION

TECHNICAL FIELD OF THE INVENTION

[0002] This invention relates generally to radio wave
communications and more particularly to routing radio
waves within a device.

DESCRIPTION OF RELATED ART

[0003] Many of today’s portable electronic devices in-
clude a radio wave transceiver for connecting to a wire-
less local area network (WLAN), a cellular data network,
a personal area network, and/or other wireless-type com-
munication networks. For example, a laptop computer
includes a WLAN transceiver, a Bluetooth transceiver,
and may further include a cellular data network trans-
ceiver (or have one coupled to a port of the laptop). With
today’s wireless LAN, Bluetooth, and cellular data net-
work frequencies (e.g., 900 MHz, 1800 MHz, 2.4 GHz, 5
GHz), the placement of one or more antennas within the
laptop computer is primarily determined for convenience
of manufacture, with moderate to little consideration for
wireless communication performance.
[0004] As the frequency of RF communications in-
creases (e.g., 60 GHz), the positioning of one or more
antennas within a device becomes more critical. For in-
stance, within a laptop computer, it is desirable to place
one or more antennas within the display portion of the
laptop computer to enhance wireless communication
performance. The radio transceiver, however, is located
proximal to the motherboard, which is typically in the key-
board section of the laptop. As such, coupling the one or

more antennas to the radio transceiver is not a trivial task.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention is directed to apparatus
and methods of operation that are further described in
the following Brief Description of the Drawings, the De-
tailed Description of the Invention, and the claims.
[0006] According to an aspect of the invention, a de-
vice comprises:

a first section;

a second section;

a hinge section that couples the first section to the
second section and allows the first section to be piv-
oted with respect to the second section;

an antenna located within the first section;

a radio wave transceiver section located in the sec-
ond section; and

a waveguide assembly operable to provide coupling
through at least a portion of the first section, at least
a portion of the second section, and the hinge section
such that the antenna is electrically coupled to the
radio wave transceiver section.

[0007] Advantageously, the device further comprises:

a plurality of antennas that includes the antenna; and

a plurality of waveguide assemblies that includes the
waveguide assembly, wherein the plurality of
waveguide assemblies provides coupling through
the at least a portion of the first section, the at least
a portion of the second section, and the hinge section
such that the plurality of antennas is electrically cou-
pled to the radio wave transceiver section.

[0008] Advantageously, the radio wave transceiver
comprises:

compensation circuitry to compensate for imped-
ance variations of one or more of the plurality of
waveguide assemblies and/or impedance variations
of one or more of the plurality of antennas.

[0009] Advantageously, the device further comprises:

a laptop computer where a display is located in the
first section and a keyboard and motherboard are
located in the second section;

a physical layer transceiver module located in the
second section, wherein the physical layer transceiv-
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er module is operably coupled to the radiowave
transceiver; and

a media access control (MAC) layer transceiver
module located in the second section, wherein the
MAC layer transceiver module is operably coupled
to the physical layer transceiver module and is op-
erably coupled to a bus structure of the motherboard.

[0010] Advantageously, the waveguide assembly
comprises:

a first waveguide operably coupled to the antenna,
wherein the first waveguide is located within the first
section;

a second waveguide operably coupled to the radio
wave transceiver section, wherein the second
waveguide is located in the second section; and

a flexible microstrip coupling the first waveguide to
the second waveguide, wherein the flexible micros-
trip is located in the hinge section.

[0011] Advantageously, the device further comprises:

a housing that includes the antenna integrated there-
in;

the waveguide assembly further including:

a first transition coupler that couples the antenna
to the first waveguide;
a second transition coupler that couples the sec-
ond waveguide to the radio wave transceiver.

[0012] Advantageously, the waveguide assembly fur-
ther comprises:

a first transition coupled for coupling a first end of
the flexible microstrip to the first waveguide; and

a second transition coupler for coupling a second
end of the flexible microstrip to the second
waveguide.

[0013] Advantageously, the waveguide assembly fur-
ther comprises at least one of:

the first and second waveguides having a rigid struc-
ture; and
the first and second waveguides having a flexible
structure.

[0014] According to a further aspect, a waveguide as-
sembly comprises:

a first waveguide for coupling to an antenna, wherein

the antenna is located within a first section of a hous-
ing;

a second waveguide for coupling to a radiowave
transceiver section, wherein the radiowave trans-
ceiver section is located in a second section of the
housing; and

a flexible microstrip coupling the first waveguide to
the second waveguide, wherein the flexible micros-
trip is located in a hinge section of the housing.

[0015] Advantageously, the waveguide assembly fur-
ther comprises:

a first transition coupler that couples the antenna to
the first waveguide; and

a second transition coupler that couples the second
waveguide to the radio wave transceiver.

[0016] Advantageously, the waveguide assembly fur-
ther comprises:

a first transition coupler for coupling a first end of the
flexible microstrip to the first waveguide; and

a second transition coupler for coupling a second
end of the flexible microstrip to the second
waveguide.

[0017] Advantageously, the waveguide assembly fur-
ther comprises at least one of:

the first and second waveguides having a rigid struc-
ture; and
the first and second waveguides having a flexible
structure.

[0018] According to an aspect, a waveguide compris-
es:

a transmission line section having a geometric
shaped cross-section;

a transition section connected to the transmission
line section, wherein the transition section has a non-
uniformed geometric shaped cross-section compa-
rable to the geometric shaped cross-section, where-
in the non-uniformed geometric shaped cross-sec-
tion facilitates impedance transformation; and

a coupling section connected to the transition sec-
tion, wherein the coupling section has a mating ge-
ometric shaped cross-section.

[0019] Advantageously, the waveguide further com-
prises:

3 4 
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a second transition section connected to a second
end of the transmission line section, wherein the sec-
ond transition section has the non-uniformed geo-
metric shaped cross-section; and

a second coupling section connected to the second
transition section, wherein the second coupling sec-
tion has the mating geometric shaped cross-section.

[0020] Advantageously, the waveguide further com-
prises:

each of the transmission line section, the transition
section, and the coupling section including a dielec-
tric core and a conductor plating at least partially
encasing the dielectric.

[0021] Advantageously, the waveguide further com-
prises:

the dielectric core including at least one of a flexible
solid material and a semi-solid material; and

the conductive plating including at least one of: a
continuous conductor, a braided type conductor, and
a series of conductors.

[0022] Advantageously, the waveguide further com-
prises:

the dielectric core including a material having a low
loss at 60 GHz; and

the transmission line section, the transition section,
and the coupling section, having dimensions to fa-
cilitate carrying radiowave signals in the 60 GHz fre-
quency range.

[0023] Other features and advantages of the present
invention will become apparent from the following de-
tailed description of the invention made with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING(S)

[0024]

Figure 1 is a diagram of an embodiment of a device
in accordance with the present invention;

Figure 2 is a diagram of another embodiment of a
device in accordance with the present invention;

Figure 3 is a schematic block diagram of an embod-
iment of a wireless communication unit in accord-
ance with the present invention;

Figure 4 is a schematic block diagram of an embod-
iment of a portion of an antenna structure in accord-
ance with the present invention;

Figure 5 is a schematic block diagram of an embod-
iment of a wireless communication unit in accord-
ance with the present invention;

Figure 6 is a schematic block diagram of another
embodiment of a wireless communication unit in ac-
cordance with the present invention;

Figure 7 is a schematic block diagram of another
embodiment of a wireless communication unit in ac-
cordance with the present invention;

Figure 8 is a schematic block diagram of another
embodiment of a wireless communication unit in ac-
cordance with the present invention;

Figure 9 is a schematic block diagram of another
embodiment of a wireless communication unit in ac-
cordance with the present invention;

Figure 10 is a diagram of an embodiment of a flexible
waveguide in accordance with the present invention;

Figure 11 is a cross-sectional diagram of an embod-
iment of a flexible waveguide in accordance with the
present invention;

Figure 12 is a cross-sectional diagram of another
embodiment of a flexible waveguide in accordance
with the present invention;

Figure 13 is a cross-sectional diagram of another
embodiment of a flexible waveguide in accordance
with the present invention;

Figure 14 is a cross-sectional diagram of another
embodiment of a flexible waveguide in accordance
with the present invention; and

Figure 15 is a diagram of a specific embodiment of
a flexible waveguide in accordance with the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025]

Figure 1 is a diagram of an embodiment of a device
10 that includes a first section 12, a second section
14, and a hinge section 16. The hinge section 16
mechanically and electrically connects the first sec-
tion 12 to the second section 14. For example, the
device 10 may be a laptop computer, a video game
unit, a cellular telephone, a personal media player,
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etc., where the first section 12 includes a user output
area 20 (e.g., a display) and the second section 14
includes a user input area 22 (e.g., a keyboard). The
hinge section 16 includes a mechanical hinge to en-
able the first section 12 to be positioned at an angle
of 0° to over 180° with respect to the second section
14.

Figure 2 is a diagram of another embodiment of a
device 10 that includes the first section 12, the sec-
ond section 14, and the hinge section 16. The device
10 further includes at least one wireless communi-
cation device, which may be compliant with one or
more wireless communication standards (e.g., GSM,
CDMA, WCDMA, HSUPA, HSDPA, WiMAX, EDGE,
GPRS, IEEE 802.11, Bluetooth, ZigBee, universal
mobile telecommunications system (UMTS), long
term evolution (LTE), IEEE 802.16, evolution data
optimized (EV-DO), proprietary protocol, etc.).

[0026] The wireless communication unit includes one
or more antennas 30, a radio wave transceiver 38, a
physical layer (PHY) module 40, and a media access
control (MAC) layer module 42. The one or more anten-
nas 30 are coupled to the radio wave transceiver 38 via
a first rigid waveguide 32, a flexible microstrip and/or
waveguide 34, a second rigid waveguide 36, and a plu-
rality of transition couplers (shown in Figure 3). The one
or more antennas 30 and the first rigid waveguide 32 are
within the first section 12 of the device 10; the flexible
microstrip and/or waveguide 34 is within the hinge sec-
tion 16 of the device 10; and the second rigid waveguide
36, the radio wave transceiver 38, the PHY module 40,
and the MAC module 42 are within the second section
14 of the device 10.
[0027] The first rigid waveguide 32 may be a separate
component that is mounted within the first section 12 of
the device 10; it may be cast within the first section 12
of the device 10; or a combination thereof. The first rigid
waveguide 32 may be composed of a conductive metal
(e.g., copper, aluminum, gold, etc.) and have a geometric
shape (e.g., circular tube, square tube, rectangular tube,
oval tube, etc.). Alternatively, the first rigid waveguide 32
may be composed of a non-conductive material (e.g.,
plastic, etc.) having a metal coating. Note that the first
rigid waveguide 32 is substantially linear, but may include
a slight bend (e.g., up to 45°) to accommodate physical
constraints of the first section of the device 10. Further
note that the first rigid waveguide 32 may include multiple
waveguide sections coupled together. Still further note
that the antenna may be integrated into a housing of the
wireless communication unit. For example, the antenna
may be molded into the housing of the first section, may
be fitted into a molded section of the housing, and/or may
be fabricated in the housing as part of the manufacture
of the first section.
[0028] Similarly, the second rigid waveguide 36 may
be a separate component that is mounted within the sec-

ond section 14 of the device 10; it may be cast within the
second section 14 of the device 10; or a combination
thereof. The second rigid waveguide 36 may be com-
posed of a conductive metal (e.g., copper, aluminum,
gold, etc.) and have a geometric shape (e.g., circular
tube, square tube, rectangular tube, oval tube, etc.). Al-
ternatively, the second rigid waveguide 36 may be com-
posed of a non-conductive material (e.g., plastic, etc.)
having a metal coating. Note that the second rigid
waveguide 36 is substantially linear, but may include a
slight bend (e.g., up to 45°) to accommodate physical
constraints of the second section 14 of the device 10.
Further note that the second rigid waveguide 36 may
include multiple waveguide sections coupled together.
[0029] The flexible microstrip and/or waveguide 34
may be a separate component that is mounted within the
hinge section 16 of the device 10; may be fabricated as
part of the electrical connectivity of the hinge section 16;
or a combination thereof. For example, the flexible micro-
strip and/or waveguide 34 includes a microstrip fabricat-
ed on a flexible substrate (e.g., Kapton substrate). Alter-
natively, or in addition to the previous example, the flex-
ible microstrip and/or waveguide 34 includes a coplanar
waveguide fabricated on a flexible substrate. Alternative-
ly, or in addition to one or more of the previous examples,
the flexible microstrip and/or waveguide 34 includes a
flexible waveguide having a geometric shape.
[0030] In general, the radio wave transceiver 38 in-
cludes a receiver section and a transmitter section and
operates in one or more of the following ISM bands and/or
in the 60 GHz band (e.g., 56 - 64 GHz). The ISM bands
of operation include one or more of the following:

[0031] The radio wave transceiver 38, the PHY module
40, and the MAC module 48 will be described in greater
detail with references to one or more of Figures 3-8.
[0032] Figure 3 is a schematic block diagram of an
embodiment of a wireless communication unit that in-
cludes an antenna structure, a radio wave transceiver 38
(e.g., transmitter section and a receiver section), a PHY
module 40, and a MAC module 42. The antenna structure
includes one or more antennas 30 and one or more
waveguide assemblies 31, wherein a waveguide assem-
bly 31 includes a first rigid waveguide 32, a flexible micro-
strip and/or waveguide 34, a second rigid waveguide 36,
and a plurality of transition couplers 44-50.
[0033] In an example of operation, the MAC module
42 converts outbound data (e.g., voice, text, audio, video,
graphics, etc.) into PHY layer data and the PHY module
40 converts the PHY layer data into an outbound symbol
stream in accordance with one or more wireless commu-

24-24.25 GHz 24.125 GHz
61-61.5 GHz 61.25 GHz
122-123 GHz 122.5 GHz
244-246 GHz 245 GHz
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nication standards (e.g., GSM, CDMA, WCDMA,
HSUPA, HSDPA, WiMAX, EDGE, GPRS, IEEE 802.11,
Bluetooth, ZigBee, universal mobile telecommunications
system (UMTS), long term evolution (LTE), IEEE 802.16,
evolution data optimized (EV-DO), proprietary protocol,
etc.). Such a PHY layer conversion includes one or more
of: scrambling, puncturing, encoding, interleaving, con-
stellation mapping, modulation, frequency spreading,
frequency hopping, beamforming, space-time-block en-
coding, space-frequency-block encoding, frequency to
time domain conversion, and/or digital baseband to in-
termediate frequency conversion.
[0034] The transmitter section 38 converts the out-
bound symbol stream into an outbound RF signal that
has a carrier frequency within a given frequency band
(e.g., ISM bands 36). In an embodiment, this may be
done by mixing the outbound symbol stream with a local
oscillation to produce an up-converted signal. One or
more power amplifiers and/or power amplifier drivers am-
plifies the up-converted signal, which may be RF band-
pass filtered, to produce the outbound RF signal. In an-
other embodiment, the transmitter section 38 includes
an oscillator that produces an oscillation. The outbound
symbol stream provides phase information (e.g., +/- ∆θ
[phase shift] and/or θ(t) [phase modulation]) that adjusts
the phase of the oscillation to produce a phase adjusted
RF signal, which is transmitted as the outbound RF sig-
nal. In another embodiment, the outbound symbol stream
includes amplitude information (e.g., A(t) [amplitude
modulation]), which is used to adjust the amplitude of the
phase adjusted RF signal to produce the outbound RF
signal.
[0035] In yet another embodiment, the transmitter sec-
tion 38 includes an oscillator that produces an oscillation.
The outbound symbol provides frequency information
(e.g., +/∆f [frequency shift] and/or f(t) [frequency modu-
lation]) that adjusts the frequency of the oscillation to pro-
duce a frequency adjusted RF signal, which is transmit-
ted as the outbound RF signal. In another embodiment,
the outbound symbol stream includes amplitude informa-
tion, which is used to adjust the amplitude of the frequen-
cy adjusted RF signal to produce the outbound RF signal.
In a further embodiment, the transmitter section 38 in-
cludes an oscillator that produces an oscillation. The out-
bound symbol provides amplitude information (e.g., +/-
∆A [amplitude shift] and/or A(t) [amplitude modulation)
that adjusts the amplitude of the oscillation to produce
the outbound RF signal.
[0036] The transmitter section 38 provides the out-
bound RF signal to the second rigid waveguide via a first
transition coupler 50. The second rigid waveguide 36
conducts the outbound RF signal to the flexible microstrip
and/or waveguide 34 via a second transition coupler48.
The flexible microstrip and/or waveguide 34 conducts the
outbound RF signal to the first waveguide 32 via a third
transition coupler 46. The first rigid waveguide 32 con-
ducts the outbound RF signal to the antenna(s) 30 via a
fourth transition coupler 44. The antenna(s) 30 transmit

the outbound RF signal.
[0037] On the receive side, the antenna(s) 30 receive
an inbound RF signal and provides to the first rigid
waveguide 32 via the fourth transition coupler 44. The
first rigid waveguide 32 conducts the inbound RF signal
to the flexible microstrip and/or waveguide 34 via the third
transition coupler 46. The flexible microstrip and/or
waveguide 34 conducts the inbound RF signal to the sec-
ond rigid waveguide 36 via the second transition coupler
48. The second rigid waveguide 36 conducts the inbound
RF signal to the receiver section 38 via the first transition
coupler 50.
[0038] The receiver section 38 amplifies the inbound
RF signal to produce an amplified inbound RF signal.
The receiver section 38 may then mix in-phase (I) and
quadrature (Q) components of the amplified inbound RF
signal with in-phase and quadrature components of a
local oscillation to produce a mixed I signal and a mixed
Q signal. The mixed I and Q signals are combined to
produce an inbound symbol stream. In this embodiment,
the inbound symbol may include phase information (e.g.,
+/- ∆θ [phase shift] and/or θ(t) [phase modulation]) and/or
frequency information (e.g., +/- ∆f [frequency shift] and/or
f(t) [frequency modulation]). In another embodiment
and/or in furtherance of the preceding embodiment, the
inbound RF signal includes amplitude information (e.g.,
+/- ∆A [amplitude shift] and/or A(t) [amplitude modula-
tion]). To recover the amplitude information, the receiver
section 38 includes an amplitude detector such as an
envelope detector, a low pass filter, etc.
[0039] The PHY module 40 converts the inbound sym-
bol stream into inbound PHY data in accordance with
one or more wireless communication standards (e.g.,
GSM, CDMA, WCDMA, HSUPA, HSDPA, WiMAX,
EDGE, GPRS, IEEE 802.11, Bluetooth, ZigBee, univer-
sal mobile telecommunications system (UMTS), long
term evolution (LTE), IEEE 802.16, evolution data opti-
mized (EV-DO), etc.). Such a conversion may include
one or more of: digital intermediate frequency to base-
band conversion, time to frequency domain conversion,
space-time-block decoding, space-frequency-block de-
coding, demodulation, frequency spread decoding, fre-
quency hopping decoding, beamforming decoding, con-
stellation demapping, deinterleaving, decoding, depunc-
turing, and/or descrambling. The MAC module 42 con-
verts the inbound PHY data into inbound data (e.g., voice,
text, audio, video, graphics, etc.).
[0040] Figure 4 is a schematic block diagram of an
embodiment of a portion of an antenna structure (i.e., a
portion of a waveguide assembly 31) that includes a rigid
waveguide 52 (e.g., first or second), a transition coupler
54, and a flexible microstrip 34 (and/or waveguide). In
this illustration, the rigid waveguide 52 includes a square
tubular shape, but could include a different geometric
shape (e.g., circular, elliptical, rectangular, triangular,
etc.). While not shown, the rigid waveguide 52 further
includes a mechanical flange or other mechanism for cre-
ating a physical and electrical connection to the transition

9 10 
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coupler.
[0041] The transition coupler 54 includes an electrical
receptacle 56 (and/or electrical connector 58) to provide
an electrical connection between the rigid waveguide 52
and the flexible microstrip 34. The transition coupler 54
also includes a mechanism for physical coupling (e.g.,
flange, threaded coupler, etc.) to the rigid waveguide 52
and/or to the flexible microstrip 34. Note that the electrical
coupling may also provide the mechanical physical cou-
pling. The other transition couplers (e.g., between the
antenna and the first rigid waveguide and between the
second rigid waveguide and the radio wave transceiver)
have similar electrical and mechanical properties as the
present transition coupler 54.
[0042] Figure 5 is a schematic block diagram of an
embodiment of a wireless communication unit that in-
cludes the MAC module 42, the PHY module 40, the radio
wave transceiver, a transmit/receive isolation module 60
(e.g., T/R switch, a circulator, an isolator, etc.), and an
antenna structure. The radio wave transceiver includes
a receiver section and a transmitter section. The receiver
section includes one more low noise amplifiers 66, a
down-conversion mixing module 68, a filtering module
70, and an analog to digital converter (ADC) 72. The
transmitter section includes a digital to analog converter
(DAC) 74, a filtering module 76, an up-conversion mixing
module 78, and one or more power amplifiers 80. The
MAC module 42, PHY module 40, and the radio wave
transceiver function as previously described.
[0043] The antenna structure includes an antenna 30,
rigid waveguides 62, a flexible microstrip and/or
waveguide 34, and transition couplers 64. The antenna
structure may further include an impedance matching cir-
cuit if the impedance of the rigid waveguides 62, a flexible
microstrip and/or waveguide 34, and transition coupler
64 does not substantially match the impedance of the
antenna 30.
[0044] Figure 6 is a schematic block diagram of anoth-
er embodiment of a wireless communication unit that in-
cludes the MAC module 42, the PHY module 40, the radio
wave transceiver, a transmit/receive isolation & diversity
selection module 82, and a plurality of antenna struc-
tures. The radio wave transceiver includes a receiver
section and a transmitter section. The receiver section
includes one more low noise amplifiers 66, a down-con-
version mixing module 68, a filtering module 70, and an
analog to digital converter (ADC) 72. The transmitter sec-
tion includes a digital to analog converter (DAC) 74, a
filtering module 76, an up-conversion mixing module 78,
and one or more power amplifiers 80. The MAC module
42, PHY module 40, and the radio wave transceiver func-
tion as previously described.
[0045] The T/R isolation & diversity selection module
82 functions to select one of the antenna assemblies.
Such a select may be based on signal strength, signal
to noise ratio, signal to interference ratio, etc. The T/R
isolation & diversity selection module 82 may further in-
clude compensation circuitry to adjust for mismatches

between antenna sections (e.g., different impedances,
different quality factors, different frequency responses,
etc.).
[0046] Each of the antenna structure includes an an-
tenna 30, rigid waveguides 62, a flexible microstrip and/or
waveguide 34, and transition couplers 64. The antenna
structure may further include an impedance matching cir-
cuit if the impedance of the rigid waveguides 62, a flexible
microstrip and/or waveguide 34, and transition coupler
64 does not substantially match the impedance of the
antenna 30.
[0047] Figure 7 is a schematic block diagram of anoth-
er embodiment of a wireless communication unit that in-
cludes the MAC module 42, the PHY module 40, the radio
wave transceiver, a transmit antenna structure and a re-
ceive antenna structure. The radio wave transceiver in-
cludes a receiver section and a transmitter section. The
receiver section includes one more low noise amplifiers
66, a down-conversion mixing module 68, a filtering mod-
ule 70, and an analog to digital converter (ADC) 72. The
transmitter section includes a digital to analog converter
(DAC) 74, a filtering module 76, an up-conversion mixing
module 78, and one or more power amplifiers 80. The
MAC module 42, PHY module 40, and the radio wave
transceiver function as previously described.
[0048] Each of the antenna structure includes an an-
tenna 30, rigid waveguides 62, a flexible microstrip and/or
waveguide 34, and transition couplers 64. The antenna
structure may further include an impedance matching cir-
cuit if the impedance of the rigid waveguides 62, a flexible
microstrip and/or waveguide 34, and transition coupler
64 does not substantially match the impedance of the
antenna 30.
[0049] Figure 8 is a schematic block diagram of anoth-
er embodiment of a wireless communication unit that in-
cludes the MAC module 42, the PHY module 40, the radio
wave transceiver, a transmit/receive isolation & MIMO
(multiple input multiple output) module 84, and a plurality
of antenna structures. The radio wave transceiver in-
cludes a plurality of receiver sections and a plurality of
transmitter sections. Each of the receiver section in-
cludes one more low noise amplifiers 66, a down-con-
version mixing module 68, a filtering module 70, and an
analog to digital converter (ADC) 72. Each of the trans-
mitter section includes a digital to analog converter (DAC)
74, a filtering module 76, an up-conversion mixing mod-
ule 78, and one or more power amplifiers 80.
[0050] The MAC module 42 and PHY module 40 func-
tion to convert outbound data into a plurality of outbound
symbol streams and to convert a plurality of inbound sym-
bol streams into inbound data in accordance with one or
more wireless communication standards. Each of the
transmitter sections converts a corresponding one of the
plurality of outbound symbol streams into an outbound
RF signal. Each of the receiver sections converts a cor-
responding inbound RF signal into one of the plurality of
inbound symbol streams.
[0051] The T/R isolation and MIMO module 84 pro-
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vides the outbound RF signals to corresponding antenna
structures when the transceiver is in a transmit mode.
The T/R isolation and MIMO module 84 receives the in-
bound RF signals form the antenna structures and pro-
vides the inbound RF signals to corresponding ones of
the receiver sections.
[0052] Each of the antenna structure includes an an-
tenna 30, rigid waveguides 62, a flexible microstrip and/or
waveguide 34, and transition couplers 64. The antenna
structure may further include an impedance matching cir-
cuit if the impedance of the rigid waveguides 62, a flexible
microstrip and/or waveguide 62, and transition coupler
64 does not substantially match the impedance of the
antenna 30.
[0053] Figure 9 is a schematic block diagram of anoth-
er embodiment of a wireless communication unit that in-
cludes an antenna structure, a radio wave transceiver 38
(e.g., transmitter section and a receiver section), a PHY
module 40, and a MAC module 42. The antenna structure
includes one or more antennas 30, a first rigid waveguide,
a flexible microstrip and/or waveguide 34, a second rigid
waveguide, and a plurality of transition couplers 44-50.
This wireless communication unit functions similarly to
the wireless communication unit described with refer-
ence to Figure 3 with the exception that the rigid
waveguides are replaced with flexible waveguides 86-88.
Note that a combination of flexible and rigid waveguides
may be used to facilitate the coupling of the antennas 30
to the radio wave transceiver 38.
[0054] Figure 10 is a diagram of an embodiment of a
flexible waveguide 90 that includes a transmission line
section 96, transition sections 94, and coupling sections
92. As will be described further with reference to Figures
11-14, the flexible waveguide 90 includes a dielectric
core and a conductive plating. The dielectric core may
include a flexible solid or semi-solid material that has
relatively low loss at 60 GHz. For example, a synthetic
fluorpolymer of tetrafluoroethylene, other fluorocarbons,
etc. may be used for the dielectric core material. The
conductive plating may include a continuous conductor
encasing the transmission line section 96 and the tran-
sition sections 94, may include a braided type conductor
encasing the transmission line section 96 and the tran-
sition sections 94, or a series of conductors at least par-
tially encasing the transmission line section 96 and the
transition sections 94. For example, the conductor may
be copper, gold, aluminum, and/or any other electrically
conductive metal.
[0055] In an example, the coupling sections 92 provide
connectivity for the dielectric core to the transition cou-
plers. The shape of the coupling sections 92 may be con-
ical for circular or elliptical cross-sections of the transition
section 94, pyramid for square or rectangular cross-sec-
tions of the transition section 94, or other shape that
mates with a receptacle shape of the transition couplers.
Alternatively, one or both of the coupling sections 92 may
include a female version of the mating receptacle of the
transition coupler. For example, the transition coupler

may include the male conical shaped coupler and the
coupling section includes a female conical shaped cou-
pler.
[0056] The coupler sections 92 provide an RF or MMW
signal to the transition section 94 of the flexible
waveguide 90. The length and angular shape of the tran-
sition sections 94 are selected to provide a desired im-
pedance transformation. As such, the transition sections
94 provide impedance matching between the transition
coupler and the transmission line. The transmission line
section 96 propagates the RF or MMW signal from one
transition section 94 to the other with minimal loss.
[0057] Figure 11 is a cross-sectional diagram of an em-
bodiment of the flexible waveguide 90 of Figure 10. In
this illustration, the flexible waveguide 90 includes a cir-
cular dielectric core 100 and a circular conductor 98 that
provides the conductive plating. The transmission line 96
and/or the transition sections 94 may have this cross-
sectional shape.
[0058] Figure 12 is a cross-sectional diagram of an-
other embodiment of the flexible waveguide 90 of Figure
10. In this illustration, the flexible waveguide 90 includes
an elliptical dielectric core 100 and an elliptical conductor
98 that provides the conductive plating. The transmission
line 96 and/or the transition sections 94 may have this
cross-sectional shape.
[0059] Figure 13 is a cross-sectional diagram of an-
other embodiment of the flexible waveguide 90 of Figure
10. In this illustration, the flexible waveguide 90 includes
a square dielectric core 100 and a square conductor 98
that provides the conductive plating. The transmission
line 96 and/or the transition sections 94 may have this
cross-sectional shape.
[0060] Figure 14 is a cross-sectional diagram of an-
other embodiment of the flexible waveguide 90 of Figure
10. In this illustration, the flexible waveguide 90 includes
a rectangular dielectric core 100 and a rectangular con-
ductor 98 that provides the conductive plating. The trans-
mission line 96 and/or the transition sections 94 may have
this cross-sectional shape. While Figures 11-14 illustrate
various cross-sections for the flexible waveguide 90, they
are not exhaustive of the cross-sectional shapes and oth-
er shapes may be used. Further, the transmission line
96 may have one type of cross-sectional shape and one
or more of the transition sections 94 may have a different
type of cross-sectional shape.
[0061] Figure 15 is a diagram of a specific embodiment
of a flexible waveguide for a 60 GHz frequency band
application. In this embodiment, the cross-sectional
shape of the transition sections and the transmission line
section is circular and the coupling sections are conical
shaped. The transmission line has a length of I inch and
an outer diameter of 0.112 inches. Note that this may be
the outer dimension of the dielectric core or of the con-
ductor.
[0062] Each of the transition sections has a length of
0.500 inches and a partial conical shape. At the trans-
mission line end of the transition sections, each transition
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section has an outer diameter of 0.112 inches and has
a 0.165-inch outer diameter at the coupling section end.
Each of the coupling sections has a length of 0.120 inches
and a base outer diameter of 0.165 inches.
[0063] As may be used herein, the terms "substantial-
ly" and "approximately" provides an industry-accepted
tolerance for its corresponding term and/or relativity be-
tween items. Such an industry-accepted tolerance rang-
es from less than one percent to fifty percent and corre-
sponds to, but is not limited to, component values, inte-
grated circuit process variations, temperature variations,
rise and fall times, and/or thermal noise. Such relativity
between items ranges from a difference of a few percent
to magnitude differences. As may also be used herein,
the term(s) "operably coupled to", "coupled to", and/or
"coupling" includes direct coupling between items and/or
indirect coupling between items via an intervening item
(e.g., an item includes, but is not limited to, a component,
an element, a circuit, and/or a module) where, for indirect
coupling, the intervening item does not modify the infor-
mation of a signal but may adjust its current level, voltage
level, and/or power level. As may further be used herein,
inferred coupling (i.e., where one element is coupled to
another element by inference) includes direct and indirect
coupling between two items in the same manner as "cou-
pled to". As may even further be used herein, the term
"operable to" or "operably coupled to" indicates that an
item includes one or more of power connections, input
(s), output(s), etc., to perform, when activated, one or
more its corresponding functions and may further include
inferred coupling to one or more other items. As may still
further be used herein, the term "associated with", in-
cludes direct and/or indirect coupling of separate items
and/or one item being embedded within another item. As
may be used herein, the term "compares favorably", in-
dicates that a comparison between two or more items,
signals, etc., provides a desired relationship. For exam-
ple, when the desired relationship is that signal 1 has a
greater magnitude than signal 2, a favorable comparison
may be achieved when the magnitude of signal 1 is great-
er than that of signal 2 or when the magnitude of signal
2 is less than that of signal 1.
[0064] The present invention has also been described
above with the aid of method steps illustrating the per-
formance of specified functions and relationships there-
of. The boundaries and sequence of these functional
building blocks and method steps have been arbitrarily
defined herein for convenience of description. Alternate
boundaries and sequences can be defined so long as
the specified functions and relationships are appropriate-
ly performed. Any such alternate boundaries or sequenc-
es are thus within the scope and spirit of the claimed
invention.
[0065] The present invention has been described
above with the aid of functional building blocks illustrating
the performance of certain significant functions. The
boundaries of these functional building blocks have been
arbitrarily defined for convenience of description. Alter-

nate boundaries could be defined as long as the certain
significant functions are appropriately performed. Simi-
larly, flow diagram blocks may also have been arbitrarily
defined herein to illustrate certain significant functional-
ity. To the extent used, the flow diagram block boundaries
and sequence could have been defined otherwise and
still perform the certain significant functionality. Such al-
ternate definitions of both functional building blocks and
flow diagram blocks and sequences are thus within the
scope and spirit of the claimed invention. One of average
skill in the art will also recognize that the functional build-
ing blocks, and other illustrative blocks, modules and
components herein, can be implemented as illustrated
or by discrete components, application specific integrat-
ed circuits, processors executing appropriate software
and the like or any combination thereof.

Claims

1. A device comprises:

a first section;
a second section;
a hinge section that couples the first section to
the second section and allows the first section
to be pivoted with respect to the second section;
an antenna located within the first section;
a radio wave transceiver section located in the
second section; and
a waveguide assembly operable to provide cou-
pling through at least a portion of the first section,
at least a portion of the second section, and the
hinge section such that the antenna is electri-
cally coupled to the radio wave transceiver sec-
tion.

2. The device of claim 1 further comprises:

a plurality of antennas that includes the antenna;
and
a plurality of waveguide assemblies that in-
cludes the waveguide assembly, wherein the
plurality of waveguide assemblies provides cou-
pling through the at least a portion of the first
section, the at least a portion of the second sec-
tion, and the hinge section such that the plurality
of antennas is electrically coupled to the radio
wave transceiver section.

3. The device of claim 2, wherein the radio wave trans-
ceiver comprises:

compensation circuitry to compensate for im-
pedance variations of one or more of the plurality
of waveguide assemblies and/or impedance
variations of one or more of the plurality of an-
tennas.
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4. The device of claim 1 further comprises:

a laptop computer where a display is located in
the first section and a keyboard and mother-
board are located in the second section;
a physical layer transceiver module located in
the second section, wherein the physical layer
transceiver module is operably coupled to the
radiowave transceiver; and
a media access control (MAC) layer transceiver
module located in the second section, wherein
the MAC layer transceiver module is operably
coupled to the physical layer transceiver module
and is operably coupled to a bus structure of the
motherboard.

5. The device of claim 1, wherein the waveguide as-
sembly comprises:

a first waveguide operably coupled to the anten-
na, wherein the first waveguide is located within
the first section;
a second waveguide operably coupled to the ra-
dio wave transceiver section, wherein the sec-
ond waveguide is located in the second section;
and
a flexible microstrip coupling the first waveguide
to the second waveguide, wherein the flexible
microstrip is located in the hinge section.

6. The device of claim 5 further comprises:

a housing that includes the antenna integrated
therein;
the waveguide assembly further including:

a first transition coupler that couples the an-
tenna to the first waveguide;
a second transition coupler that couples the
second waveguide to the radio wave trans-
ceiver.

7. The device of claim 5, wherein the waveguide as-
sembly further comprises:

a first transition coupled for coupling a first end
of the flexible microstrip to the first waveguide;
and
a second transition coupler for coupling a sec-
ond end of the flexible microstrip to the second
waveguide.

8. The device of claim 5, wherein the waveguide as-
sembly further comprises at least one of:

the first and second waveguides having a rigid
structure; and
the first and second waveguides having a flexi-

ble structure.

9. A waveguide assembly comprises:

a first waveguide for coupling to an antenna,
wherein the antenna is located within a first sec-
tion of a housing;
a second waveguide for coupling to a radiowave
transceiver section, wherein the radiowave
transceiver section is located in a second sec-
tion of the housing; and
a flexible microstrip coupling the first waveguide
to the second waveguide, wherein the flexible
microstrip is located in a hinge section of the
housing.

10. The waveguide assembly of claim 9 further compris-
es:

a first transition coupler that couples the antenna
to the first waveguide; and
a second transition coupler that couples the sec-
ond waveguide to the radio wave transceiver.

11. The waveguide assembly of claim 9 further compris-
es:

a first transition coupler for coupling a first end
of the flexible microstrip to the first waveguide;
and
a second transition coupler for coupling a sec-
ond end of the flexible microstrip to the second
waveguide.

12. The waveguide assembly of claim 9 further compris-
es at least one of:

the first and second waveguides having a rigid
structure; and
the first and second waveguides having a flexi-
ble structure.

13. A waveguide comprises:

a transmission line section having a geometric
shaped cross-section;
a transition section connected to the transmis-
sion line section, wherein the transition section
has a non-uniformed geometric shaped cross-
section comparable to the geometric shaped
cross-section, wherein the non-uniformed geo-
metric shaped cross-section facilitates imped-
ance transformation; and
a coupling section connected to the transition
section, wherein the coupling section has a mat-
ing geometric shaped cross-section.

14. The waveguide of claim 13 further comprises:
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a second transition section connected to a sec-
ond end of the transmission line section, wherein
the second transition section has the non-uni-
formed geometric shaped cross-section; and
a second coupling section connected to the sec-
ond transition section, wherein the second cou-
pling section has the mating geometric shaped
cross-section.

15. The waveguide of claim 13 further comprises:

each of the transmission line section, the tran-
sition section, and the coupling section including
a dielectric core and a conductor plating at least
partially encasing the dielectric.
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